. Abstract: The temporal variation in molluscan communities was studied in two intertidal substrates composed of sand and rock fragments «300 mm) in São Sebastião Channel, Brazil. Samples were taken between August 1995 and July 1996 in São Francisco (mainland) and Engenho d'Água (São Sebastião Island) beaches. A pronounced decrease in abundance and diversity of molluscs was associated with changes in the structure of the environment, caused by sea storms in the beginning of the summer (December), and by the increase of waste water discharge in this same period. Areas not subjected to such events showed no evident modifications in mollusc fauna structure during the sampling period, and the small oscillations observed were attributed to population recruitment. Both natural and human factors may be acting together in determining the community organization in these environments, as is also in typical sandy beaches.
Introduction
oscillations in diversity and community composition in coastal regions can be associated to human activities. Most of these activities can be easily detected and monitored, but some, such as oil spills, are unpredictable.
Seasonal variation in marine communities is an actual topic of research. The importance of such studies lies in the fact that some temporal Many studies in sandy beach communities assign to natural oscillations in the abundance of numerically dominant popu]ations as the cause of temporal variation ofmacrofauna (Holland & Po] gar, ]976; Dexter, 1984; Souza & Gianuca, ] 995; Ve]oso et a!., ]997). In temperate regions, the community composition is strong]y influenced by temperature (Whitlatch, ] 977; Leber, ] 982), which is directly related to food limitation. Seasonality in tropical areas is generally re]ated to rain periods (Dexter, ] 979) and to disturb instead of temperature changes. Macrofauna is directly influenced by changes in the sediment constitution (McLach] an, ]996) and in salinity (Ansell et ai., ] (Beukema, 199] ; Tsutsumi et ai., ] 991), and fisher activity (Defeo & de A] ava, ]995).
. Studies on sandy substrates constituted by rock fTagments as well as knowledge of the factors that organize their communities are lacking. The presence of rock fTagments enhances environmenta] heterogeneity and creates moist and shady microhabitats (pers. obs.). According to Woodin (] 98]), the patterns of distribution and abundance of macrofauna are fTequently correlated with environmental heterogeneity, i. e., presence and abundance of physical and/or biogenic structure. These rock fTagmentscan a]so protect the organisms against desiccation, predation, and water movements, and, in association with sand, enable the settlement and recruitment of both sandy beach and rocky shore organisms (Denadai & Amaral, 1999) .
Furthermore, in some intertida] rocky shores inundated by sand, the structura] change in the substrate may cause an increase in the faunal diversity because of the higher environmenta] heterogeneity (McQuaid & Dower, ] 990). On the other hand, the exc1usion of psammophobic species (not to]erant to sand) may cause a reduction in the richness and abundance (Brown et a!.,] 
99]).
]n this study we describe the annua] variation in the molluscan communities, and the factors which influence it, oftwo structurally similar intertida] environments constituted by sand and rock fTagments (São Francisco and Engenho d'Água Beaches). (Hill, 1979) , giving equa] weight to the species, considering outliers, and standardizing the data by square-root transformation. Diversity (H') was calcu]ated using the Shannon-Wiener index in ]Og2 (Krebs, 1989 ). Student's t-test was used to compare the density of molluscs between the present study and that of Salvador (1995) , which was performed in the same area and using the same methodo]ogy during the period 1992/93.
MateriaIs and methods

Results
The environmenta] variab]es differed between the studied sites and among periods (Tab]e 1). In São Francisco, coarse sand grains dominated the sediment, while medium-sized partic1es were more abundant in Engenho d'Água (Fig. ] ). The composition of the sediment at SF and EA was similar only in summer, when finer sand grains were observed in SF. In EA, the sediment composition did not vary during the year. Calcium carbonate content was higher in SF than in EA, with exception of the spring period (Fig. 1) . The organic matter content was higher in the spring in SF, evidencing an organic enrichment in this period (Fig. 1 ). Significant differences in sa]inity were recorded in the study period between SF and EA (Tab]e 1). Salinity variation was higher at SF than at EA because of the presence of a waste-water cana] in its supra]ittora] region (Fig. 1) . Air temperature varied fTom 15°C in June to 3]°c in January, and sediment temperature trom ]5.5°C in September to 32cC in January. A reduction in community richness and abundance occurred in SF after January (Table 2) . A total of22 species and 367 individuais were recorded in the first half of the studied period (August to December/95) compared to 9 species and 188 individuais collected from January to July/96 (Table  2) . Correspondence analysis organized the species in Rev. bras. oceanogr.. 48(2). 2000 two distinct groups: one with species that occurred only in the first period (Teguia viriduia, Cerithium atratum, Semeie proficua and Corbuia cubaniana), and another with species that were found over the entire year (Codakia orbiculata, Lucina pectinata, Tellina lineata and Anomaiocardia brasiliana), but in lower abundance after January (Fig. 2) . Higher values of richness and abundance were recorded in EA, with only a smali reduction fTomJanuary to May/96 (Table 3) . Species were ordered in relation to their presence and abundance in the months (Fig. 2) . A major group was formed by species that were fTequent during the entire year (Cerithium atratum, Arcopsis adamsi, Codakia costata, C. orbiculata and Semeie proficua). Other species as lschnochiton striolatus (spring -October,Novemberand December),Bulla striata (winter/spring -August, September, and October) and Diplodonta punctata (earlier springSeptember) showed distinct seasonal distributions. ln general, the abundance decreased in the autumn 145 (March, April), but most of the species remained present. Figure 3 shows the Shannon diversity index of the sampled months (abscissa) vs. the number of species (ordinate). The fitted line represents the log of the number of species, i.e., the highest diversity value that the community can attain for a given richness. The distance between points and this line is an indirect measure of evenness. Diversity in SF was higher fTom August to December than at other periods, but evenness was low for ali months. In EA, medium to high diversity values was recorded for ali sampling periods, but with low values in April. Evenness in EA was high in ali periods. M  TOT  I  7  I  2  4  3  26  87  I  I  I  4  12  2  3  I  4  I  5  59  2  47  I  2  53  I  I  3  23  15  105  3  32  I  I  3  12  2  11  105  I  6  10  15  6  2  2  10  I  5  7  88 A comparison between the present investigation and a previous study in EA (Salvador, 1995) revea1ed some differences in environmental variab1es and community composition (Table 4 ). The mean diameter of sand particles tended to decrease iTom the previous to the present study (t=2.442, df=5, p=O.059; <jFO.912:tO.094 and <jF1.091:tO.098, respective1y). Organic matter content was higher in the first period (%OM=1.659:tO.096) than in the second (%OM=1.342:tO.078; t=-4.655, df=5, p=O.006). Forty-one species and 238 individuais were collected in the earlier study (1992/93) , in comparison to 39 and 628 were recorded in the present study (1995/96) . Only 26 species were common to both periods, with evident differences in their abundance. Tegula viridula, Olivella minuta, Codakia costata, Diplodonta punctata, D. semiaspera, Ervilia nitens, and Gouldia cerina were more abundant in the first period, while Cerithium atratum and Codakia orbiculata were more abundant in the second. Bulla striata, Ischnochiton striolatus, Arcopsis adamsi, and Semeie proficua showed high densities in both studies. Table 4 . Absolute abundance (N) and Density/m2 of molluscs in Engenho D'Água Beach, São Sebastião Channel, Brazil in the periods 92/93 (Salvador, 1995) and 95/96 (Denadai & Amaral, 1999 ; Present study).
Discussion
The substrate constitution of the studied sites, with sand and rock fragments, create an heterogeneous environment that support both sandy beach and rocky shore species (Denadai & Amaral, 1999) , leading to higher diversities in comparison to typical sandy beaches (Bally, 1983; Dexter, 1984; Defeo et aI. 1992; Veloso et aI., 1997) . McQuaid & Dower (1990) observed an increase in the fauna richness when rocky substrates were inundated by sand, through increasing the environmental heterogeneity. These authors cIassified the intertidal organisms in a spectrum of sand tolerance as: (I) psammophobic, restricted to rocky substrates free of sand; (2) sand-tolerant, occurring in both inundated and sand free rocky areas; (3) sand-dependent, found only in association with sand, and (4) psammophilic, restricted to sand column.
In December (summer) a reduction in environmental heterogeneity was evident given the rock fragments of SF were covered by sand due to sea storms common to this period. An accentuated decrease in the mollusc fauna richness and abundance was observed after this disturb, with the excIusion of species associated with rocks (Denadai & Amaral, 1999) , mainly gastropods and some bivalves (A. adamsi, Corbula caribaea and C. cubaniana). In fact, storms and monsoons are known to play an important role in community structure by eroding sandy beaches (Ansell et a!., 1972; Ong & Krishnan, 1995) . McLachlan (1996) observed changes in the macrofaunal composition (abundance and species excIusion) in a sandy beach after coarse sand addition originating from diamond mines in Namibia, thus reinforcing the importance of sediment constitution to sandy beach macrofaunal structure (Dexter, 1984; McLachlan, 1990) .
Organic enrichment influences the community composition, reducing the diversity by excIusion of low tolerant especies and increasing the biomass associated with the dominance of a few opportunistic species (Pearson & Rosenberg, 1978; Warwick, 1986 Warwick, , 1988 . There are two waste-water canais in the supralittoral region of São Francisco that are responsible by an increase in the coliform bacteria in the summer period (Denadai et a! press). In fact, the dominance of the polychaetes Capitella capitata, Scolelepis squamata, and Laeonereias acuta, and of the tubificid oligochaetes, species largely known as indicators of organic polIution (Grassle & Grassle, 1974; Pearson & Rosenberg, 1978; Amaral et aI., 1998) , in the same period in SF (Rizzo & Amaral, 2000) evidence the organic polIution. Despite the clam Anomalocardia brasiliana, the dominant species in São Francisco (Denadai & Amaral, 1999) , is common in organicalIy-enriched areas (Schaeffer-NovelIi, 1980) , it also decreased in density after summer as the other ones. This species showed a tendency to increase in abundance after June, the start of its recruitment period (Salvador, 2001) , indicating a successional event. Organic polIution showed to be a relevant factor in structuring the studied communities (Denadai et a!., in press ), as in other marine environments. Despite the significant variation in the contents of calcium carbonate during the year in both sites, this environmental variable did not show any clear relationship with the temporal variation of the molIuscs.
Temporal oscillations in communities not subject to disturbances, such as Engenho d' Água, are probably a consequence of the reproductive cycles of the dominant species, as suggested by several authors (HolIand & Polgar, 1976; Dexter, 1984; Souza & Giannuca, 1995; Veloso et aI., 1997) . Studies on the molIuscan population dynamics in São Sebastião Channel have been made with the bivalves Anomalocardia brasiliana and Corbula cubaniana (Salvador, 200 I) and the gastropod Cerithium atratum (Denadai, 200 I) . According Salvador (200I), Anomalocardia brasiliana presents new recruits from early winter to early summer (June to November) and Corbula cubaniana along winter, spring and summer (July to February). Cerithium atratum also presents a large recruitment period, between April and October, with the peak in June (earlier winter). The species that were common to both SF and EA sites (Cerithium atratum, Codakia orbiculata and SemeIe proficua) did not present the same temporal pattem, occurring only in the earlier period in SF and along alI the year in EA. These differences although can be attributed to specific causes in each site, i.e., disturbs in SF and recruitment pattems in EA.
Natural marine communities are continually changing as showed by the comparison of the faunistic composition in Engenho d'Água Beach between the periods of 95/96 (present study) and 92/93 (Salvador, 1995) . Such changes are generally eXplained by environmental modifications (AnselI et a!., 1972; Whitlatch, 1977; Dexter, 1979; McLachlan, 1996) , but they may be a consequence of the non-stable relationships among the populations that constitute the community (Dexter, 1984; Veloso et a!., 1997) . Engenho d'Água is a visualIy dynamic intertidal area given the degree of exposure of the stones as welI as the algae coverage. are constantly changing. A significant alteration in the sediment constitution was evidenced by a reduction in the mean grain size and organic matter contento The fauna also showed a marked variation between these two periods. Fifteen species disappeared while thirteen species were recorded for the first time. Twenty-six species were common to both periods but with a great variation in their abundances. Despite the absence of information on how the sediment grain size and organic matter influence such species, a relationship may be stablished between environmental and faunistic variation in EA.
Structural changes, such as the coverage of the rock fragments by sand, play a major role controlIing the fauna distribution, contrasting to the marked influence ofthe hydrodynamics and sediment constitution in typical sandy beaches. The high community diversity in such habitats is associated with the presence of moist and shady microhabitats and by the presence of both rocky shore and sandy beach organisms.
